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Motivation
Rainfall Variability in Tropical West Africa 

(1921-2007)
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Figures: courtesy of A. Fink and S.Kotthaus,
 IGM, University of Cologne, Germany 

Base period: 1950-1990
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Figures: courtesy of A. Fink and S.Kotthaus,
 IGM, University of Cologne, Germany 

what about ...
... future trends
... socioeconomic impacts
... food security
...

?

Base period: 1950-1990
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what about ...
... future trends
... socioeconomic impacts
... food security
...

?

Base period: 1950-1990
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IMPETUS

• An Integrated Approach to the Efficient Management of 
Scarce Water Resources in West Africa

• The Catchments of the Ouémé-River
(Benin) and the Wadi Drâa (Morocco)
are investigated

• Relations to the climates of Europe
might exist via complex 
atmosphere-ocean interactions in the
area of the tropical/ subtropical
and north Atlantic ocean 

• West Africa: most pronounced
inter-decadel variability of climate

• for more details see: http://www.impetus.uni-koeln.de
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http://cosmos.enes.org
http://cosmos.enes.org
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• after the IPCC 4AR there is no clear projection for
West African precipitation trends (increase / 
decrease)

➡ it is necessary to put some light on it

• what about changes in the intensity and variability of 
the West African Monsoon on different time scales

• what about Monsoon onset and brakes in future 
climate

Challenges
concerning future climate trends
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Project Plan

• 1st Phase: Data Acquisition and Modeling
(2000-2003)

• 2nd Phase: Development of Scenarios and 
Problem Clusters (2003-2006)

• 3rd Phase: Transfer and Application: Capacity 
Building and Spatial Decision Support Systems 
(2006-2009)
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IMPETUS model chain
• model chain for a

statistic - dynamical down-
scaling of global projections 
down to key-region

• starting from 250 km 
down to 3 km

consider as many aspects 
as possible to get best
boundary conditions for
nested models

                            motivation                         IMPETUS    



motivation                                 IMPETUS                                       SVege                                    results                                    conclusion

IMPETUS model chain
• model chain for a

statistic - dynamical down-
scaling of global projections 
down to key-region

• starting from 250 km 
down to 3 km

consider as many aspects 
as possible to get best
boundary conditions for
nested models

                            motivation                         IMPETUS    

➡include biosphere: Simple Vegetation model (SVege)
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Motivation: using SVege within E4

                        motivation                         IMPETUS                                  SVege

Base period for anomaly: 1951-1994

Schnitzler et al. (2001)
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Motivation: using SVege within E4
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Base period for anomaly: 1951-1994

Schnitzler et al. (2001)
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SVege: Simple Vegetation Model

Leaf Area Index (LAI)  

and vegetation cover 

Changes of plant  

available groundwater 

changes in albedo 

Id
e
a

: 
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SVege: Simple Vegetation Model

SVege includes no dependencies of vegetation growth upon 
temperature and duration of sunshine:

• Implemented for non-boreal areas (40°N to 40°S)

• Outside this domain the albedo values from the Land 
Surface Parameters - dataset (LSP, Steffan Hagemann 
2002) are used (climatological mean)

• No other changes in land surface parameters are 
simulated (e. g. roughness length)

Leaf Area Index (LAI)  

and vegetation cover 

Changes of plant  

available groundwater 

changes in albedo 

Id
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a
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SVege: Simple Vegetation Model

SVege includes no dependencies of vegetation growth upon 
temperature and duration of sunshine:

• Implemented for non-boreal areas (40°N to 40°S)

• Outside this domain the albedo values from the Land 
Surface Parameters - dataset (LSP, Steffan Hagemann 
2002) are used (climatological mean)

• No other changes in land surface parameters are 
simulated (e. g. roughness length)

Leaf Area Index (LAI)  

and vegetation cover 

Changes of plant  

available groundwater 

changes in albedo 

Id
e
a

: 

our update:
only grid boxes with a vegetation cover 
higher than 15% are considered
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SVege: „Cologne version“

                        motivation                         IMPETUS                                  SVege

SVege V1.0: climatological mean LSP 2 constant field 
standard albedo of ECHAM5
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SVege V1.0: climatological mean LSP 2 constant field 
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SVege V1.0: climatological mean LSP 2 constant field 
standard albedo of ECHAM5 Cologne Version



motivation                                 IMPETUS                                       SVege                                    results                                    conclusion

Annual cycle of albedo

Universität zu Köln
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With a special focus on the simulation of the West African monsoon and on the variability 

of precipitation in West Africa, this contribution highlights the differences between the 

simulated African climate by two versions of the Global Circulation Model ECHAM5 

(Roeckner et al., 2003). These two versions differ in using a simple approach to model 

vegetation feedbacks (Schnitzler et al., 2001). The results of the different simulations are

The vegetation growth in the tropics and subtropics mainly depends on the  annual cycle 

of rainfall. The simple vegetation module SVege (Zeng et al., 1999) calculates a leaf area 

index and fractional cover of vegetation depending on the actual amount of plant 

available soil water. This results in a change of the albedo. 

Because of this simplification by calculating a “dynamic” vegetation only depending on 

the amount of rainfall, the vegetation module can only be used in the tropics and 

subtropics. We also restrict the vegetation module on areas covered by more than 20% 

of vegetation. Outside this domain the original land surface dataset (Hagemann, 2002) is 

used.

Simulations of the present-day and future climates

of the West African Monsoon using a simple vegetation 

model within ECHAM5
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compared to two different observational datasets (CRU: New et al., 2000; Vasclimo: Grie-

ser and Beck, 2006). Therefore, the seasonal (December to February - DJF; June to 

August – JJA) precipitation amounts and a standardized precipitation index after Landsea 

(1992) is used. 

Vasclimo (1960-1999)   non SVege – Vasclimo     SVege – Vasclimo  simulated and observed precipitation variability

Fig.1: Annual mean (a) and climatologically annual cycle (b) of 

simulated albedo change for the regions Central Sahel (CS), 

West Sahel (WS) and Guinea Coast (GC) by the coupled 

version.
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Fig.3: Standardized, area mean JJA precipitation anomalies after 

Landsea for the three different regions (Fig. 1) calculated by 

observed (bars) and simulated (line) data. (Light colored bars CRU, 

dark colored bars Vasclimo; red line coupled version, dotted line 

stand-alone version of EHCAM5.

a) Central Sahel

b) West Sahel

c) Guinea Coast

Vasclimo CRU
AMIP SVege

AMIP standard

References:

J. Grieser and C. Beck. Variability and triggering factors of observed global 

mean land-surface precipitation since 1951. Klimastatusbericht KSB 2005, 

accepted, 2006.

S. Hagemann. An improved land surface parameter dataset for global and 

regional climate models. Report 336, Max-Planck-Institut für Meteorologie, 

Hamburg, 2002.

C.W. Landsea and W. M. Gray. The strong association between Western Sahel 

monsoon rainfall and intense Atlantic hurricanes, J. Climate, 5: 435-453,1992.

M. New, M. Hulme, and P.D. Jones. Representing twentieth century space-time 

climate variability. part 2: development of 1901-96 monthly grids of terrestrial 

surface climate. J.Climate, 13: 2217-2238, 2000.

E. Roeckner, G. Bäuml, L. Bonaventura, R. Brokopf, M. Esch, M. Giorgetta, S. 

Hagemann, I. Kirchner, L. Kornblueh, E. Manzini, A. Rhodin, U. Schlese, U. 

Schultzweida, and A.Tompkins. The atmospheric general circulation model 

echam5. part i: Model description. Report 349, Max-Planck-Institut für

Meteorologie, Hamburg, 2003.

K.-G. Schnitzler, W. Knorr, M. Latif, J. Bader, and N. Zeng. Vegetation feed-

back on sahelian rainfall variability in a coupled climate land-vegetation model. 

Report 329, Max-Planck-Institut für Meteorologie, Hamburg, 2001.

N. Zeng, J.D. Neelin, W.K.-M. Lau, and C.J. Tucker. Enhancement of 

interdecadal climate variability in the sahel by vegetation interaction. Science, 

286: 1537-1540, 1999.

Both ensemble simulations 

with observed SST (1950-

1999) show the same 

deficiencies in simulating 

JJA and DJF precipitation 

amounts (Fig. 2, c-f). While 

the differences between the 

two model versions are very 

small ECHAM5 seems to be 

not sensitive for the changes 

simulated by SVege. There 

are only some regions which 

correspond in the standard 

version closer to the 

observations. 

Similary, the differences in 

simulating precipitation vari-

ability is very small (Fig. 3). 

The standardized precipi-

tation index by Landsea 

shows the sequence of dry, 

wet and normal conditions. 

The index is calculated by 

the seasonal area mean 

anomaly divided by the 
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Fig.2: Precipitation [mm] amounts (a+b) and differences (c-f) between both ensemble - simulations with 3 members 

and observations (left) for the rainy (top row) and dry (bottom row) season separately. 
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standard deviation. The correlation of the standardized 

precipitation index between the AMIP simulations and the 

observations points out that only for the West Sahel there is a 

remarkable effect in using the vegetation model (Tab. 1). 

However, the numbers are low. The standard deviation of the 

Landsea-Index shows that both model versions do not capture 

the whole observed variability. The correlation index between 

the observational datasets is high and the standard deviation 

similar, where as the precipitation sum of JJA differ up to 300 

mm. From the control integration (20C) it can be seen, that the 

standard deviation of the index for the Guinea Coast differs 

remarkable from the observations and AMIP-simulations. This 

gives a hint of deficiencies in the underlying ocean model OM1.

Tab. 1: Correlation indices for the standardized precipitation index for three 

regions of interest (see Fig. 1) between the observational datasets (CRU and 

Vasclimo) and the two different model simulations (1960-1999). The last row 

shows the standard deviation of the Landsea-Index.
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climate projections for precipitation (A1B) 

The climate projec-

tions for precipitation 

for the SRES A1B 

scenario is close to 

the T63 ECHAM5 

IPCC-4AR simulati-

ons. For all members 

of the A1B ensemble 

simulations the 

standard deviation 

and the seasonal sum 

for JJA in all regions 

will increase signifi-

cantly. These results 

are similar, but less 

pronounced, by the 

B1 simulations. 

These trends give an 

evidence to induce 

the availability of 

fresh-water and will 

cause extreme dry 

and wet seasons.

Fig.4: Temporal development of changes in the precipitation amount [mm] 

and its standard deviation for the rainy season for different regions in West 

Africa. Only one member of the A1B scenario is shown.

a)

Summary:

The implementation of the vegetation module into the former 

Version of ECHAM showed an improvement in simulating the 

precipitation variability. It seems, that there is only a small 

advantage to couple SVege to ECHAM5. It is necessary to find 

further formulations to capture the observed variability.
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reproduction of albedo‘s annual cycle
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observed mean June to August 
precipitation (1960-1999)

                            motivation                         IMPETUS                                  SVege                               results



motivation                                 IMPETUS                                       SVege                                    results                                    conclusion

observations – E5 SVege

Differences in summer 
precipitation amounts (JJA)
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observations – E5 SVege observations – E5 original

Differences in summer 
precipitation amounts (JJA)
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observations – E5 SVege observations – E5 original

•both versions comprise same strengths and 
deficiencies
•only small, insignificant differences between the model 

Differences in summer 
precipitation amounts (JJA)

                            motivation                         IMPETUS                                  SVege                               results
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significant changes to an higher correlation 
(up to 0.2) between model and observation 
using the vegetation model
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precipitation annual cycle

2008 Mar 23 01:00:55 Tim Bruecher

AMIP2 svege RR [mm] 
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precipitation annual cycle

unimodal

bimodal

2008 Mar 23 01:00:55 Tim Bruecher

AMIP2 svege RR [mm] 
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precipitation annual cycle

unimodal

bimodal
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note: this distribution is modeled in both versions
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 wet
 dry

about extreme dry and wet years
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Central Sahel
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 wet
 dry

about extreme dry and wet years
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Central Sahel

Guinea Coast
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 bowen ratio β
 cloud cover

E5+SVege: dry years
wet years dry yearsE5 original:
wet years
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what about future trends ?
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increasing variability (A1B)

• increasing standard 
deviation of the 
precipitation index

• increasing number of 
extreme seasons in the 
Sahel + Guinea Coast 
(wet and dry)

• decreases are projected 
for the Sahel using the 
B1-scenario
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With a special focus on the simulation of the West African monsoon and on the variability 

of precipitation in West Africa, this contribution highlights the differences between the 

simulated African climate by two versions of the Global Circulation Model ECHAM5 

(Roeckner et al., 2003). These two versions differ in using a simple approach to model 

vegetation feedbacks (Schnitzler et al., 2001). The results of the different simulations are

The vegetation growth in the tropics and subtropics mainly depends on the  annual cycle 

of rainfall. The simple vegetation module SVege (Zeng et al., 1999) calculates a leaf area 

index and fractional cover of vegetation depending on the actual amount of plant 

available soil water. This results in a change of the albedo. 

Because of this simplification by calculating a “dynamic” vegetation only depending on 

the amount of rainfall, the vegetation module can only be used in the tropics and 

subtropics. We also restrict the vegetation module on areas covered by more than 20% 

of vegetation. Outside this domain the original land surface dataset (Hagemann, 2002) is 

used.

Simulations of the present-day and future climates

of the West African Monsoon using a simple vegetation 

model within ECHAM5
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compared to two different observational datasets (CRU: New et al., 2000; Vasclimo: Grie-

ser and Beck, 2006). Therefore, the seasonal (December to February - DJF; June to 

August – JJA) precipitation amounts and a standardized precipitation index after Landsea 

(1992) is used. 

Vasclimo (1960-1999)   non SVege – Vasclimo     SVege – Vasclimo  simulated and observed precipitation variability

Fig.1: Annual mean (a) and climatologically annual cycle (b) of 

simulated albedo change for the regions Central Sahel (CS), 

West Sahel (WS) and Guinea Coast (GC) by the coupled 

version.

0.10

0.15

0.20

0.25

0.30

0.35

0.40

1 2 3 4 5 6 7 8 9 10 11 12

CS WS GC

b)

M
o

d
e

li
n

g
 f

u
tu

re
 t

re
n

d
s

Fig.3: Standardized, area mean JJA precipitation anomalies after 

Landsea for the three different regions (Fig. 1) calculated by 

observed (bars) and simulated (line) data. (Light colored bars CRU, 

dark colored bars Vasclimo; red line coupled version, dotted line 

stand-alone version of EHCAM5.

a) Central Sahel

b) West Sahel

c) Guinea Coast

Vasclimo CRU
AMIP SVege

AMIP standard
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Both ensemble simulations 

with observed SST (1950-

1999) show the same 

deficiencies in simulating 

JJA and DJF precipitation 

amounts (Fig. 2, c-f). While 

the differences between the 

two model versions are very 

small ECHAM5 seems to be 

not sensitive for the changes 

simulated by SVege. There 

are only some regions which 

correspond in the standard 

version closer to the 

observations. 

Similary, the differences in 

simulating precipitation vari-

ability is very small (Fig. 3). 

The standardized precipi-

tation index by Landsea 

shows the sequence of dry, 

wet and normal conditions. 

The index is calculated by 

the seasonal area mean 

anomaly divided by the 
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Fig.2: Precipitation [mm] amounts (a+b) and differences (c-f) between both ensemble - simulations with 3 members 

and observations (left) for the rainy (top row) and dry (bottom row) season separately. 
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standard deviation. The correlation of the standardized 

precipitation index between the AMIP simulations and the 

observations points out that only for the West Sahel there is a 

remarkable effect in using the vegetation model (Tab. 1). 

However, the numbers are low. The standard deviation of the 

Landsea-Index shows that both model versions do not capture 

the whole observed variability. The correlation index between 

the observational datasets is high and the standard deviation 

similar, where as the precipitation sum of JJA differ up to 300 

mm. From the control integration (20C) it can be seen, that the 

standard deviation of the index for the Guinea Coast differs 

remarkable from the observations and AMIP-simulations. This 

gives a hint of deficiencies in the underlying ocean model OM1.

Tab. 1: Correlation indices for the standardized precipitation index for three 

regions of interest (see Fig. 1) between the observational datasets (CRU and 

Vasclimo) and the two different model simulations (1960-1999). The last row 

shows the standard deviation of the Landsea-Index.
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climate projections for precipitation (A1B) 

The climate projec-

tions for precipitation 

for the SRES A1B 

scenario is close to 

the T63 ECHAM5 

IPCC-4AR simulati-

ons. For all members 

of the A1B ensemble 

simulations the 

standard deviation 

and the seasonal sum 

for JJA in all regions 

will increase signifi-

cantly. These results 

are similar, but less 

pronounced, by the 

B1 simulations. 

These trends give an 

evidence to induce 

the availability of 

fresh-water and will 

cause extreme dry 

and wet seasons.

Fig.4: Temporal development of changes in the precipitation amount [mm] 

and its standard deviation for the rainy season for different regions in West 

Africa. Only one member of the A1B scenario is shown.

a)

Summary:

The implementation of the vegetation module into the former 

Version of ECHAM showed an improvement in simulating the 

precipitation variability. It seems, that there is only a small 

advantage to couple SVege to ECHAM5. It is necessary to find 

further formulations to capture the observed variability.
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conclusion
• implementation of biosphere to ECHAM5 using a 

simple vegetation approach (SVege)

➡ getting same 
results by a more 
physical based way

• the simple vegetation approach could be to simple for 
the sophisticated version of ECHAM5 ?

• COSMOS-Earth System Model (ESM); MPI-Hamburg, 
available in August / September (?)

➡ small, sometimes 
insignificant changes to 

standard version

➡ improved representation 
of decadal variability
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ideas for future work
•„testing“ the model in comparison to other WAMME experiments
•improvement by using another aerosol climatology (A. Tompkins)
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        Tanre (1984)                Tegen (1997)

5d forecast for windspeed at 700 hPa



motivation                                 IMPETUS                                       SVege                                    results                                    conclusion

thanks for your interest


